Nonstationary and nonequilibrium process is considered on the basis of the Enskog-Landau kinetic equation using boundary conditions method. A nonstationary solution to this equation is found in the pair collision approximation. The in uence of the long-range interparticle correlations are taken into account sequentially for the rst time. Transport coe cients with additional new terms are calculated. Limiting cases of the stationary process, low densities are considered. An application of the boundary conditions method to hydrodynamic description of fast processes is discussed.
Introduction
The development of methods for construction of the nonequilibrium processes theory in dense gases, liquids and plasmas is an important direction in the modern theoretical physics. Moreover the construction of kinetic equations for such classical and quantum systems still remains to be a major problem in the kinetic theory. It is complicated additionally in the case of dense gases, liquids and plasmas where kinetics and hydrodynamics are closely related and should be considered simultaneously 1{5].
An approach for construction of kinetic equations from the rst principles of statistical mechanics, namely from the Liouville equation, has been developed in 6{10]. It is based on the principle of weakening of correlations between particles in time. In the framework of this approach, the Boltzmann kinetic equation, which satisfactorily describes nonequilibrium properties and transport processes in dilute systems, can be obtained easily as a zeroth approximation on density. However this approach becomes unusable when the density increases and can not be a small parameter of the theory. One way to obtain appropriate description of a dense system lies in using Enskog theory SET (Standard Enskog Theory) 11, 12] . The Enskog equation plays an appreciable part in the kinetic theory next to the Boltzmann one 13]. This equation has been obtained at modelling of molecules by hard spheres for dense gases. As a result the collision integral has been presented in the analytical form. It is reached by advantage of hard sphere model, where collisions can be considered as momentary ones and by the fact that multiparticle contact at the same time is reputed to be in nitely small. Density correction, introduced by Enskog, proved to be considerable as far as transport, due to collisions in a dense system, is the main mechanism of transport. Each molecule is almost localized in one point of the space by surrounding neighbouring molecules and therefore ow transport is suppressed. Though this theory describes density dependence of kinetic coe cients appropriately, at the same time the suppositions as to the structure of collision integral remain su ciently rough and phenomenological. c A.E.Kobryn, I.P.Omelyan, M.V. Tokarchuk, 1996 76 A.E.Kobryn, I.P.Omelyan, M.V.Tokarchuk Next a rmative steps in developing of kinetic theory for dense systems have been made on the basis of SET modi ed MET (Modi ed Enskog Theory) and revised RET (Revised Enskog Theory) theories for dense gases 14] and generalization of them to the case of presence of some long-range interaction KMFT (Kinetic Mean Field Theory) 15, 16] . So-called DRS kinetic theory (Davis-Rice-Sangers) has been proposed in 17] . Interparticle interaction potential is considered here as a nite depth square well. Revised variant of this theory RDRS (Revised DRS) has been realized in 18 ].
An approach for obtaining kinetic equations for dense systems, which is based on ideas of papers 6, 10] , has been proposed in 1] and generalized in 2, 3] . Here the formulation of modi ed boundary condition for the BBGKY hierarchy is used with taking into account corrections connected with local conservation laws. It allowed to obtain in the pair collision approximation an Enskog-type kinetic equation without any phenomenological assumptions. Similar ideas with other modi cation of the approach 6] have been advanced and developed in 19{23] and in monograph 24] . Moreover in 19{24] generalization of the approach to the case of presence of nonsingular interaction potentials has been attempted. The same question was produced and solved partially in 25{28] (within approach of 19{24]) and in 29{32], and in 33] using hydrodynamical methods only.
Generalized version of RDRS | GDRS was considered in 34] being based on approaches of 1]. Here, to treat a more realistic model a kinetic equation for dense classical systems is o ered with interparticle interaction potential in the shape of a multiple-step function, where its sequential derivation and the normal solution have been obtained.
Concrete successes in developing kinetic theory for dense gases and liquids stimulated transferring new methods for description of nonequilibrium properties to the systems with long-range interactions, including Coulombic ones as well. First of all it is due to the fact that pure hard sphere model can not be used for predominant of majority systems. Taking into account reality of intermolecular interaction potential is needed. For example, it is partially done in 29, 30, 35, 36] . We also note, that the choice of more realistic interaction potentials was also accompanied by the generalization of existing theories to the case of multicomponent liquids and gases 37], in 38, 39] to the case of chemically reactive gases as well as by the complication of systems under consideration 40{42]. It is necessary to note that just as on the stage of choicing of long-range interaction potential between particles by Coulombic one, we obtain another type of problems, which demand for their solution, possibly, qualitatively new approaches. In particular it concerns the case when long-range part of an interparticle interaction potential carries electric character (Coulomb one). In fact then one deals not with dense gases but with the dense plasma. Obstacles in considering such systems are well known 43{49]. They consist mostly in ambiguity of collision integral construction, which depends directly on a method of plasma \formation" 50], i.e., taking into consideration strong interactions of particles at short distances (in the pair collision approximation) and collective interaction of particles at long distances that corresponds to the polarization approximation. It is noted in 29,30,51{55] that for studying of transport processes in ionized gases (plasma) the Enskog's method is applicable in general, but inconvenience still remains: collision integrals for a Coulomb system reveal the nonanalytical behaviour at both small and long distances. As was noted in 2], one can get rid of divergency at short-range distances by a certain choice of shortrange interaction potential. But to avoid this problem sequentially at long-range distances, including of dynamic screening e ects is needed or taking the long-range interaction potential as a screened one (see for example 56]). Among other di culties it is necessary to underline the absence of a small parameter on which one can perform an expansion to obtain a kinetic equation. It should be mentioned that such small parameters in the kinetic theory of dilute gases 45, 57, 58] is reduced density " = n= 3 , and in plasmas theory { plasma parameter = Z Z e In this paper Enskog-Landau kinetic equation for onecomponent system of charged hard spheres, which has been obtained in 2], is considered. Normal solution for the kinetic equation has been found in the rst approximation using Chapman-Enskog method 13, 59] . This solution allows to calculate and write down transport coe cients in an analytical form. A similar approach is applied for a multicomponent system of charged hard spheres and transport coe cients for such system have been found 60, 61] . The simplicity and evidence of the Chapman-Enskog method for solving kinetic equations enabled to transfer this method rather easy on systems treated in 2]. The systems are to be thought as those with moderate and high density. But this method allows to nd the unknown one-particle distribution function as far as transport coe cients in the stationary case only. As it is well known, the Chapman-Enskog method can not come beyond a stationary process. Similar drawbacks are peculiar to the Grad method 62,63], which is oftenly used to solve kinetic equations next to Chapman-Enskog method. In the present paper to nd the normal solution to considered kinetic equation, so-called boundary conditions method is used, which has been introduced in 64]. The normal solution to the classical Boltzmann equation for a dilute gas 11{13, 44, 45] @ @t E(r; t) + @ @r j E (r; t) = 0:
Here equation (2.5) is a mass conservation law (equation of continuity), equation (2.6) is a momentum conservation law, and equation (2.7) is that for total energy. Besides in these expressions (r; t) = mn(r; t) is a mass density, n(r; t) is an average density of particle number n(r; t) = hn(r; t)i t = Z dv f 1 (x 1 ; t);
(r ? r a ); wheren(r; t) is a microscopic particle density; j (r; t) is an average momentum density, vector V (r; t) of average hydrodynamical velocity is related to j (r; t) by the expression: j (r; t) = (r; t)V (r; t) = hĵ (r)i t = m where^ ij (r) are components of a microscopic momentum density ow tensor; E(r; t) is an average density of total energy, which consists of kinetic whereĵ E (r) is its microscopic density.
It is important to underline, that the densities of particle number n(r; t), momentum j (r; t) and kinetic energy E kin (r; t) are de ned via nonequilibrium one-particle distribution function f 1 (x; t), whereas the density of interaction energy E int (r; t) is represented through the nonequilibrium twoparticle distribution function f 2 (r; r 0 ; v;v 0 ; t). Densities of momentum ow tensor $ (r; t) and energy ow vector j E (r; t) are expressed via one-and two-particle distribution functions. One can exude corresponding convecting contributions into expressions for densities of momentum ow tensor $ (r; t) and energy ow vector j E (r; t) and passage from equations (2.6) In the case under consideration, for consistening of kinetics and hydrodynamics it is necessary to calculate average densities of momentum ow tensor $ (r; t) and energy ow vector j E (r; t) with the help of nonequilibrium distribution functions f 1 (x; t), f 2 (x; x 0 ; t). Substitution 
Equations for the parameters of reduced description
To nd the solution to the Enskog-Landau kinetic equation (2.1) using one or other method, there is necessary to take advantage of local conservation laws in corresponding approximations. In such a way the expressions for kinetic coe cients will be de ned in a way of calculation of densities of momentum ow tensor $ (r; t) and energy ow vector j E (r; t) on the base of solution f 1 (x 1 ; t) and corresponding approximations for g 2 (r 1 ; r 2 ; t). So long as we nd the solution that corresponds to linear hydrodynamical transport processes by gradients of thermodynamical parameters, the structure for expressions of densities of momentum ow tensor $ (r; t) and energy ow vector j E (r; t) should be de ned immediately with the help of kinetic equation (2.1) without providing of calculations by already obtained formulas above. To this end it is convenient similarly to 2] to introduce the following hydrodynamical parameters: density n(r 1 ; t) ( 
by that fj k=0 = 0 and to construct (k + 1)-th approximation the laws are used (or equations for reduced description parameters) in k-th approximation. To realize this procedure it is necessary to de ne zeroth approximation for the one-particle distribution function f
1 (x 1 ; t). In the case of spherical charged particles f 1 (x 1 ; t) using itemizing procedure (3.5) . By calculating and obtaining of conservation laws (2.12), (2.13) and equation (2.14), we should take into account the following relations: g 2 (r 1 ; r 2 ; t) g 2 r 1 ; r 2 ; n(t); (t) ! g 2 r 12 ; n(t); (t) ; F ! F (0) = g 2 r 12 ; n(t); (t) f (0) 1 (x 1 ; t) f (0) 1 (r 1 ; v 2 ; t) ; (3.6) here g 2 (r 12 ; n(t); (t)) is a binary quasiequilibrium correlation function, which depends on mutual distance between particles. It should be noted that together with the mentioned representation of a binary quasiequilibrium correlation function it can be introduced in another way, namely, g 2 (r 1 ; r 2 ; t) g 2 r 1 ; r 2 ; n(t); ( Terms, related to short-range interactions only, contribute evidently into the correction in this approximation. Particle sizes take part here on contrary to the kinetic theory of dilute gases 33, 44, 45] , where particles are considered as a point-like objects. Nevertheless, in uence from long-range part of interaction and so far from short-range part of interaction are present \hidden" in the operator S(t; t 0 ) (as well through operator L t ). Formally, the expression (3.14) looks completely the same as the correction in 70].
But the di erence is in the structure of the operator S(t; t 0 ).
Transport equations in the rst approximation
Having total expression for correction f(x 1 ; t) in the rst approximation (3.14) one can calculate conservation laws (2.12), (2.13) and equation (2.14) in the same approximation. D is a screening radius in the system (an analogue of Debye radius with taking into account of particle size 60]). One may remark that bulk viscosity has the same structure as in Chapman-Enskog method (5.5). But other transport coe cients have some distinctions from (5.6), (5.7). They are: The reason for these di erences were discussed in details 64] and could be transferred on results of this paper. At constructing of the normal solution for the Enskog-Landau kinetic equation time derivatives @ @t of hydrodynamical parameters of reduced description don't vanish. Therefore the normal solution for this equation could be used for hydrodynamic description of fast processes.
